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Total-presswe recoveries were obtained with foc r  cone-inlet 
combinations at Mach numbor 1.85. The configmations  inveetim-ted. 
were a8 followa: a com'designed to produce three oblique shock8 
ahead of the diffueer iri-et i q  combination with a 8traiEht and' a 
curved i n l e t  section; a cone generated by a parakolic  arc, a l e s  
i n  combinatZon with a curveti and a straight iiilet  section; a corm- 
i n l e t  ccrmbication designed by the method. of characteristics t o  
produce an FsellCropic entrance flow a t  an angle of attack of W; 
and a 300 alr@e-ahock cone i n  conibination k;it& a perforated inlet 
8ectioE. The effect  of angle of attack wa8 a l s o  invastigated for 
the isentropic cax€'iguration. 

Each of these configuratioce  yielded  tow-pressure  recoveries 
greater than th@se reported -in references 1 and 2. A maxiDiwI to-- 
pressure  recovery of O,%7 was attained wfth the  isentropic con- . .  
figuration. For the triple-shock, parabolic-arc, and perforated- 
inlet corfigurationa, the maxLmum recoveri5ta were 0.954, 0.550, 
and 0.99, respective*. A t  an angle of attack of 50, t ho  ux3rnwn 
total-pressme  recovery  obtained with the isentropic  configuration was 
reduced t o  0.922, 

A n  i nvas t i e t ion  of Bhock diffusere at a Mach  number of 1.85 
has been conducted. in the Cleveland 18- by 1 8 - i ~ h  supersonic 
tunnel. Results obtained with a ehock diffuser &vi% a @ingle 
oblique ahock ahead of the diffuser inlet are presented i n  reference 1. 
In reference 2 the reeults obtained with cone8 designed. to produce 
two o5lique shocks ahead of the inlet sre reported. With the 
single-shock cones, a maximum tutal-pressure recovery of 0.922 
was obtained, whereas with the double-ahock cones the z , l a x i m ~ m  
recwery vas 0.g45. 
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Eiecauao t h e  deceleration-d t h e  suporsanfc airatream  to  eonic 
velocity can be accompllehod m o m  eff ic ient ly  with a large number 
of weak shocks than witl one o r  b w b  re la t iveiy intense O ~ E ,  oven 
h i g h o r  tolal-press~?.re-recovosles than those  raported in refercncee 1 
and 2 can  theore%'-cally be abtcined by increaeing t h e  numbor of 
brcaks in  the  projactirq-cone contour and reducing t h e  flow dcfloo- 
tion produced by each b:?ea4. Tl?e ideal conf igwi t ion  is at t j fned 
w b m  t h e  decelera%ion in produced eo gradm!.ly tha t  no ehocks are 
formod in  t h e   a i r  a n t n r l w . t h e  diffuse?. The ideal contour of t h o  
p rodec t lq  corn 2s therefore a emnothly curved surface t h a t  pro- 
duces m Infinite nmbor OT inf2nltosimLL coii~~reeaion wavoa. From 
au~oraonic- f low th.oor$, hiOw8vel1, lt  .ie larown that  euch a SoriCS of 
infinitesimal comnressim mvc'a tends t o  convorgo and form an 
envelop- ehock t h r o w  wwch t b ~  entire coqreaeion talcas ?Lac0 
(raference 3). Horlco tho  coctour requ3rod for . i sen t rcp ic  c m r e s -  

. sion is not arbi t rary,  but ~ 1 ~ 8 %  be BO designad t h a t  the cmpossion 
wavca converge ontside the ontoring stroam tuba. A contour having 
this 'property mag be bs lgned  by the method of: characterietlca 
(referonce 4 ) .  Such Q contour should decelerate tho aupereonic 
stream w i t h  no total-preesuro loes If f r ic t ion lass  flow is assumed. 

The pro5lem of decelerating a eupraonic  Et%r&m t o  so-dc 
velocity wit9 negligible total-prossuro ioss thus o f f o r s  no theo- 
r e t i ca l   d i f f i cu l t i e s  when the flow is doceleratod &Fad of the 
inlot;. Tho external decolor&tion, hmewr ,  nay bo accm-panled' By 
increaecd p e e a w e s  over the extomel aurl'aces of t h o  diffusor 

, relative t o  the pmssuree that  would resui t  if tho  decoloration 
were accomplished internally (as, for oxampla, with a ConverEont-. 
channel diffuser). Hence a h ignor  d r a ~  may be .axgectod for .shock 
d j~ fueon3  emp'Loytng oxtor- camprossion ' rebt ivo  to that obtaincd 
w i t h  convergent-channel diffua.wa. T l ~ i e  additional &a& must at  
loask partly caticel the higher.thrusts poselble xi:th the highcr 
total-peasure raccvorics. 

The total-proasme rocovorg bitherto obtalnablc w i t h  a 
convergent-channel dfffuser has been limited by th.o starting require- 
mont that  tho  contraction r a t i o  may not exceed t h e  value ma-uircd 
to accelerate the subsonic velocity behind a normal shock a t  free- 
etrsrzm Mach number t o  sonZc volocity.at t h o  throat (roforonco 5). 
A Groator contraction  ratio would rcsul t  In choking at tbo throat 
and would prevent t h e  normal Ebock from m t o r l n g  the inlet  cQn8o- 
quoGtly, tbe eu-prsanlc stream could bo brought to subsonic voloci- 
tiee only by paaeing th rough 8 ro l a t imly  entenso normal s h c k .  

This limit ta tho  csntmction  ratio a l lomblo  with a 
convergent-chanrel diffuser may bo eliminated by 8 method pro-gosod 

, 
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in reference 6 .  Tha method cone1et.e of allowing sme of the air 
mass t o  bleed through  pe-doratians d r i l l e d -  in the convergent  channel, 
whereas nomnallg tha excess air would have t o  s p i l l  around the entrance 
l i p .  Cho- at  the throat i e  khereby avoided. By this  method, 
the n o m 1  shock could be brought t o  the throat  of the diffuser 
aad stabilfzed  there, ev-en Then the i n l a t  contraction  ratio was 
large enough t o  reduce the free-stream flow t o  sonic  velocity 
(reference 6 j . Eence the total-pressure  recoveries  obtainable with 
a convergent-ckamel d i f f u s e r  m e  now theoretically as great a8 
those  obtainable w i t h  external compmeaion. Accanpanyfng the higher 
total-pressure recovery possible with the convergent perforsted 
in l e t  is an additional drag due t o  the mass-flow loss through the 
perforatione. During operation this mass-flow lose is much smaller 
than during  the start ing process  because the pressure difference 
across the holes a f t e r  the normal shock h8e passed them f a  much 
lees than when t.he flow is subsonic. 

The mass-flow loss through the holes c8n be reduced by using 
the perf  oratetl i n l e t  w i t h  a shock diffueer . Reference 6 shows 
th&t the exces8 mass flow which must be bled  through the perfo- 
ration6 during the star t ing  process decreaaes, &B the   inlet  Mach 
nuinber decreases. The p-esence of a projecting  central body 
thereTore oflere a meane of minimizing the nmiber of perforations 
required an12 consequently the mse-flow loss during operation. 
The compression wawa from the projecting body may be intercepted 
by the   inlet  50 amid  high external p~essuree and the i n l e t  Mach 
number may be redwed t o  unity by internal cantraction. The u88 
of a perforated inlet w i t h  a properly designed shock diffuser 
may thus provlde a mema of attaking  supersonic  difArsion with 
negligible  total-pmssure loss together with a minimum external 
drag and mea-flow lose. 

These improved types of' supereonfc inlet were inveetigated 
with the followtng four configcations: A, a cone designed t o  
produce three oblique shocks ahead of the diffuser inlet; B, a 
cone generat& by a parabolic arc;  C, a cone-inlet combination 

shock coqe in combination w i t h  a perforated  inlet  section. For 
each of them  configurations,  the  viiriat-ion of total-pressure 
recovery w-ith o u t l e t  area was determined. The variation of total- 
preesure  recovery with t ip  projection was determined for config- 
urations A, By and C. Configuration D was Fnvestigated only 
at the t ip  projection for which the oblique shock Just entered  the 
d i f f u e e ~  M e t .  For configuration C, the effect of angle of 
attack was also Investigated. 

. designed by the method of CharaCteriEtiCE; and D, 8 30' single- 
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The following aymbols are wed in this report: 

free-stream &*ea of flow that enters diffuasr 

minimum flow area of diff'tlser 

out le t  area of simulated canbustion chamber 

i n l e t  area of diffuser with central kody in place 

i n l e t  area of diffuser  with central body removed 

free-abeam total pressure 

total pressure in simulabd combu~tion chamber 

ti9 projection, inches 

axial coordimta 

radial coorcilnate 

DE.SCRIPTICW E w W m  APFARATUS 

The investigation was conducted in the Cleveland 1.8- by 18-inch 
supersonic tunmi operatlllg at Mach nmber 1.85. Iche tunnel m a  
calibrated by mamements of th8 angles of oblique ehocke from 
cones and of the total pressures behind normal. shocke. The abeoluto 
'c.alues of t o t a l  pressure and M c h  number in t h e  t e s t  section 
determined by theee measwemeats accurato X1:thin st>out 2 ?orcant Ii 

The relative measured total-pressure recoverfoe reportod, howover, 
are accurate within about 0.5 percent. 

Sketches of the four configurations imestigtited are  Shown 
i n  figure 1. Configuration oA is a triple-shock  cone with included 
angles of 30° at t h e  t i p ,  50 after the f i r e t  break, and 60° 
af ter  the second break. Approfimate calcuhtiuns baaed on the 
flow near the cone surface indicated that t h i s  combination af 
included angles would yield an optimum tot&l-preaaure recovery. 
For configurakion B, a parabolic arc m s  passod .between the t i p  
half -angle (10') and the maximum half -ugh (30'). Tho length 
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of the contour w ~ i s  arbitrari ly set equal t o  that of the triple-ehock 
cone. The inlet sections used with configurations A and B were 
those used in  references 1 and 2. 

Configuration C wae designed by the method of charecterlst ics 
to deceleratg the f low to sollic velocity *with no totEtl-preseure 
loss.  Ar: expanded plot of the contow coordinates,  together w t t h  
the location of a few of the characteriskics, is ahown i n  figure 2. 
At the   t ip  of the cone, the  contour angle wies a r b i t r a r i l y  set  at Go. 
The total-preasure r a t i o  acrusa t& oblique  dock produced by %hie 
cone angle i s  very near 1.00. A region beyond the as~umd location 
of the diffuser inlet  W ~ B  chosen f o r  the convergence of tha cam- 
pression WBVBB. Tho characteriatics from t h i s  region were then 
Compubd towa3d the X-ax i s .  Streamlines were dram from the cone 
t i p  t o  point a and frm d t o  e. The MBch number at poin-ks 
a and e were found t o  be 1.15 and 1-29, respectively. Point e 

chosen for the location of  the entrance l i p  and the  procoss of 
turning tha flow parallel t o  the axis was star ted at this point. 
The only requirement for the contour e to f was that the com- 
pressiorm starting a t  th ie  contour should no$ intersect  before  reach- 
ing  the central body. The cone contour vas extended linearly from 
a t o  b, whsre it intereected  the first characterfetic arriving 
frmm e .  F ie  c m e  b-c was then drawn in t o  cancel the com- 
pression waves arriving frmn e-f. The total-flow contraction 
r a t i o  %/A2 i s  very close to the  isentropic  contraction  ratio 
f o r  a free-atream Mach number % of 1.85. The ratio of the inlet 
area (e-b, f ig .  2) t o  the minimum area A2 is 1.025, which is  close 
t o  the ieentropic contraction  ratio from a Yach number of 1.15 t o  
unity. Frm one-dimensional-flow relatione, this con-traction r a t i o  
is mall. 0I1ou@;h to allow a no& shock occurring at Madl numbers 
greater than 1.19 to enter the diffuser. The average bl"t Mach 
number accordfng to the  calcufatione is 1.22 

Configuration D (fig. 1) was used t o  test the principle of 
the  perforated inlet (reference 6 )  w i t h  a shock diffueer. The 
30' single-shock cone investigated in  reference 1 was used in 
cabinat ion with a atraight inlet section in to  which holes were 
drilled. The number of holes requfred was experimentally determined. 

The diffueer body and simulated combustion chamber were those 
used in references 1 and 2 (fig. 3 ) .  m e  out le t  area of the dtf- 
fuser was again varied by me- of the conical damper located at 
the out le t  of the  eimulated.cmbustion chamber and total  and 
static pressures at the simlated combustion chniber were measured 
with a p i b b ' s k t i c  rake located as s h m  in  fi$ure 3 (a). The 
cone support and the inlets used with configurations A, B, and D 
are  shorn in  figure8 3(b) to 3(e) .  F m  codiguratiop D, t h e  
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m. tca l  in l e t - f low patterns. - Schlieren photographe of the 
inlet'flow with t G h  of %he fou r  co&i~;liratior&ae~ eho'klZ in figure 4. 
Figures 4 ( a )  and 4<3) show t h e  fLow pattern8 obhined  f&- con- 
figuration A wi"5 the straigk$.and the curvaa inlets, respectively, 
f o r  the tip projectiori and o u t l e t  arm for wh:c&, maam. to ta l -p roeme  
recuvery wa8 obtaisled. AEI wlth 'c30 double-shock c o w s  (referorice E ) ,  
two oblique shocks =.lea near the first break io the cone contour, 
O n e  s l i g h t l y  &@si of the b e a k  ard one slightly beyond it. This 
effect  ig a t t r i5ukad  t o  a br-lL.gFng of the break by the bsundary layer .  
At the second breek il; +;:?e cona contow; a ' fourth oblique shock arises. 
With t h e  etraight M e t  {fig. &[a)), t h i s '  shock merges indie- 
tingulshablg with the kG:i wa9e that stande d e e d  of the dif fuser  
inlet. Wfth the curved in le t  (fig. 4(b) j ,  the bow wave is e m e w b t  
cluses to the  in le t  md R por tdm of the fourth oblique shock WBB 
disting~ishable iri the orfginal Eegative. 

The flow over the parabolic-arc cone (configuration B, f ig .  1) 
is shown in figures 4(c) and 4(2) for the condftimer giving the 
ln&xim total-pressure recovery Kith  the straight and curved inlet8, 
resyectively. The c ~ r e s e i o n  w a v m  frm the cone Burface c a n  be 
seen to converge ahead of the inlet. The resulting envelope shock 
l e  of .appreciable intensi ty  and, as mi&* be expected, t h e  ma.YimUm 
toW-preseure recoverlea a r e  slightly below those obtained with  
configuration A, where each of the shocks is very w e a k .  The 
v e r t l c d  lines from the bow wave to the con0 iwrface are project:ons 
of the bar wave, whereas the wave i tself  curve8 toward the interior 
of the diffuser. 

!The flow over the isentropic cone (configuration C> for two 
outlet areas at aa angle of attack of 0' and for the optlnum o u t l e t  
m e a  at an angle of attack of 5' 18 shorn in figures k ( e ) ,  4(f), 

8 
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and 4(g) . A nlkkor of mak com-prase~on wavoa 'may bc soon that tond 
t o  converge beyond tho inlet, although not so far beyon2. the   in le t  
as the calmlations ( f ig .  2) assmod. Tho oxietonco OT visible  
compeesion waves and. their tondoncay to coxorgo somowhat nearor 
tho con0 surfaco t h  prodictcd may bo at t r ibutod to bou-dary- 

- Lsyor d f o c 5 e  or amall machining f l aw .  In f igure 4(g), u&ch 8 b m  thc 
configuration a t  an angle of attack of 50, tha co@resaion ripplcs . . 

fmm the lower snrfaco arc seen to convcrgo into a diecornfblo . . 

onvelopo shock. !RIG bow wava etands ahoad of tho iinlct in aacb 
of them throe 2botographe. 

A n  offort WBB mado to b r i x  ths normal shock into tho diffuser  
in thiB configuration 37 parPorating tho i n l o t ,  but th8 tOtal-pmS8WO 
recovery d r o p d  as thc nmbcr af parfcratione w=m incmaeod whiLo 
t ho  n o m 1  shock romainaa ahaad of thG Fnlot. T h i s  rosult  lndiC€btf28 
that  fol* reasons of s tab i l i ty ,   tho   rduc t ion  of a eu?crsonic stroam 
t o  eubsonic  velaoity nay be impoasfble xithout t h e  occurrence of 
at  least a very weak shock discantwuity. Because the normel shock 
remained ahead of the Fnlef , the curvature of the inlet (f Q. 2) 
was not c r i t i c a l  in  t h i s  case and. serve& only to   force a smooth 
de9lectio.n of the subsonic entrance f l o w .  For the  Canhition givi?ag 
the best recovery (fig.  4(f)), t h e  normal ehock  originates a?-roxi- 
mately at .point a 09 figwe 2. 

The flow w t t e r n  for the 30° s-le-shock cone wt th  perforeted 
in l e t  i s  ehown in figure 4(h). Because the external-flow pttern 
remained the ~~ame. BB t h e  outlet area was varied, schlieren photo- 
graThs wsre taken cm3.g f o r  the conditione indicated in the figure. 
The oblique ahock, a s  well as  the  norma: shock, paeses Wide t h e  

around the entrance li-p, is here entering tbe diTfuaer. .!Eke mass 
flow through the perf'uratfana produces the series of weak ot.7tqirs 
shock wave8 originating on the outer emface of the -let section. 
(Only a few of the perforations ere e s i b l e  in t h e  schlieren 2boto- 
graph, f i g .  4(h).) Tim maximum total-pressure recovery obtained with 

(the triple-shock cone). 

. i n l e t ,  and the flow, whfch in  the  yreceding photographs spi l lod 

this  configuration X88 a8 88 that obtafned with configuration A 

Variatfan of total-pressure recovery with  ou t le t  area. - The. 
theoretical   variation of 'total-pressure recovery with outlet  area 
is discussed in references 1 and: 2. For configu&ttions A and B 
( f igs .   5 (a)   to  5(d)),  the variation of total-pressure recovery wi th  
outlet-inlet area ratio is presented for three t i p  pmJectione f o r  
each of the two in le t s  used. The term " su~rc r i$ fca l "  theas  
figures ref e m  t o  the values of A4 for wblch the mass f LL:J remaim 
constant a8 A4 9s varied. T!m term "subcritical" refers to t h e  
values af A4 for vbich variations . L n  Aq affect t h e  ma88 f l c w  
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through  tho diffueer;  The t ip   p roJec t i ane  f o r  wh ich  data are prescntod 
are optimum, 1/16 :inch lese than d@imum, and 1/16 inch greatcr than 
optimum. Similar &?ta n r o  p lo t t ed  in figure 5(0) Tor- configmation C. 
The peaks of the c m e e  f o r  t h i s  configuration a r e  broador than thoso . 

obtained w i t h  t h e  otber  threc'caziea; For configurat ion '  D, data w e r o  
obtained for only .';'ne . t i p  pro2ection a t  which t h e  6bliquo shock'from 
the  tip paessd inside the inlet (fig: 5( f i ) .  Tho results obtainod f o r  
t h i s  conflguratian w l t h  t h e  a5lique sh.o.ck w t s i d e  and i i t h  unzerfo- 
ratod inlet are  prokmted ln reference 1. 

d 

" 

A comparison tho ~ & ~ i m u m  tota1"preesaro rocoverlee ot ta incd  
:ntA collfig-urat1oi-s A, B, an&- C fuit .varloua t i p  yrojections is 
presented i n  f i gurd  6. The maximum total-proesurc.   recovery obtainod 
w i t h  configurat ion A was 0.954 w i t h  the  curved Tnlet and 3.945 with 
t ho   s t r a igh t  i n l e t .  The rnsxkmn t3oarc t ica l   to ta l -prossure   recovory  for  
t h i s  configuration-; based on ,the ahock crn&y at the corn eurface, 
is about 0.985, o r  about 3 percant bfgher  tban the experimental V~!.US 
obtained w i t h  tho  curved irilet. I n  roference 2 the maximum o q c r i -  
mental recovory (0.945) wa8 also found to be about 3 percent below 
tho   theore t ica l  valuo. I 

Tho ortimum eqerimental t i p  pro jec t ion  for tire .triplc-abock . 
cone ( f i g .  6(a)) was t h a t  for which t h e  f o u r  obliaue shocks passed 
juet   outs ide t h e  en t rmco  l i p .  F o r - t h e   s t r a i g h t   i n l e t ,  r10 internal 
contawectton existad at optimum t fg   p roJec t ion  (A,/% = I .oo), 
whoreas f o r  tho curvod inlct en. internal ~ ~ I I . & I ~ G A  exieted 
(&/A =-Q.753). Because .the antrance f l o w  waa sulmonic ( f i g s .  4(a)  
and 4fb)), t h e  c m o d  i n l e t ,  which  groducea a wmoother entrance flaw, 
yielded a higher tobal-prassurs  YocoverJ; than thc s t r a i g h t  inlet .  
Theso r e a u l t s - a l e o  agree With those obtainad w i t h  double-e3ock conea 
(ref erenco 2) . 

. .  

For the  mrabolic-arc cone (fig. €(b)), ay?roxin;a.telg aqua1 
maximum recoverios W ~ F O  obtained wfth the straight and curvod inlote 
(0.950 and 0.948, roapoctively.) .  Thcae valuea are fntemncdiate 
betwoan t h o  maximume cattaimd w i t h  doublo-shock and tri?lL-skock CMC;B. 

The cone designed to produce.an isentropic entrance flow (config- 
ura t ion  C, fig. 6(c) ) yielded the highee t   to ta l -pressure  recovery 
a t ta ined  d u r i n g  the Fnvestlgation.. This value of 0.967, a8 with t h e  
double-shock and t r ip le -shock   come,   i s -about  3 percent lees thRn the 
maximum theoretfcal va lue  of 1.00, It ie therefore reasonable to 
asaume that about 3 percent of the total-preeeure 1098 waa due to t h e  
eubsonic portion of the  diffuser and that conf'igura%ion C w&a i n  fact 
operattng with alrnotst no total-pre8sur.e losg at an angle of attack 
of 0'. At an angle of attack of 5O, the maxhu recovery dropped to 
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0.922 (fig.  7 ) .  With the single-ahock and the double-shock come, 
the maximum recoverim at  angle of attack of 5O were 0.908 and 0,899, 
respectivelF (refereme8 1 and 2) .  

Configuration D (30° cone wlth  perforated  inlet, fig. 5(d) 1 
produced a maximum recovery of 0,954 , .wh!.ch is equal t o  th6 maximum 
obtsined  with the triple-shock cone. Wlthout the perforatime,  the 
maximum recovery  attsined with this configuration was 0.879 (refer- 
ence 1). Hence a gein of mer  8 percent in n?aximum total-pressure 
recovery was obtained by the use of perforation8 t o  increaae the 
maximum allowable internal contraction ra t io .  The total.contraction 
r a t i o  AI/+ for thie  configuration was 1.52, which fs slightly 
greater tha Lhe contraction required to'decelerate  the free e t r e m  
to  sonic  velocity. 

For the  canffgurationa  reported,  the  dletrfbutiun of s t a t i c  
and t o t a l  pressures a c r o ~ a  the d i f fuse r  ou t le t  was eimilar to the 
dfstributione  obtain&  with single-shock and double-shock cones. 
Plots of t h i s   d l s t ~ i b u t i o n  are theref ore amitted.. 

nil investigation of four  shock-diffueer inlet ConfiWatiOns 
t o  determine the total-preeeure ratios obtainable a t  a Mach  number 
of 1.85 gave the f o l l d n g  resulte:  

1. A cone designed t o  produce three oblique shocks ahead of 
the inlet f ie lded a maximum total-pressure  recovery of 0.954 !:hen 
used i n  com3ination wlth a  curved hls t  ssction. Four GblFque 
shocks were found t o  arise frm the cone surf'ace, two of t~dn near . 
the first break in the cone contour. 

2. A cone generated by a parabolic arc, with a t i p  hlf-mgle 
of 100, g e l d e d  a total-pressure recovery of 0.950. The cmpresefon 
waves from the parabolic  contour converged t o  an envelope  shock 
aheaL of the dWPueer inlet. 

3. A cone-inlet combination  designed by the method of charac- 
t e r i s t i c s  t o  decelerate the flow to smfc velocity  with no total-  
preseure loss  gave a maximum total-pressure-recovery of 0.957 a t  
Oo angle of attack. Nearly a l l  the total-preseure loss may be 
at t r ibuted  to  the SUb6OniC portion of the di f fuaer .  A t  an angle of 
attack of so , the maximrun recovery was reduced to 0.922. TLe flow 
over the cone eurface was eimilar t o  the computed flow f ie iE  excep$ 
that the convergence of the compression waves took place elfghtly 
closer t o  the cone surface than calculations  indicated and semral 
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compression wave8 were v i s i b l e  'In the flow field.  Both of these 
effect8 mgy be a t t r ibu ted  ' t o  boundary-layer  build-up or small 
machining flaws. - 

4. A 30° single-shock cone in combination w i t h  an inlet that  
was pe r fo ra t ed   t o   a l l ow  en t ry  of the normal an6 oblique  shocks 
yielded a maximum to ta l -pressure  recovery of 0.954. 

Flight Propuleion Rsaearch Laboratory, 
National  Advisory C a m i t t e e  for Aeronautice, 

CIl.eveland, Ohio. I .  . . ." " . . 
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Figure 1.- Sketahes of configurations investigated showing 
relative locations of cones and inlets a t  minimum t i p  
projectton- " . -. .. 
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NRCA RM NO. EIFI3  - Fig. k,b,c,d 

[a) Configuration A; straight 
inlet; L, 1 . 6 9  inches; 

0.945; angle  of  attack, 
A4/ Ai, 0.526; P4/ Po, 

OO. 

( b )  Conf i gurat ion A; curved 
inlet; L, 1.50 inches; 

0.954; angle o f  attack, 
A$/Ai, 0.665; P4/POr 

O0 

(c) Configuration B; straight i d )  Configuration 8 ;  curved 
inlet; L, 1.875 inches; in1 et; L, I .69 inches; 
A41Air 0.520; P4/Pg, A$/Ai, 0.562; Pq/Po, 

OO. O0 
0.950; angle of attack, 0.948; ang le of attack, 

Figure 4. - Schlieren  photographs o f  typical f I o w  patterns. . 



NACA IW NO. R F I 3  - Fig. 4e, P, g, h 

( e l   C o n f i g u r a t i o n  C; isen- 
t r o p i c   i n l e t ;  L, 1-97 
inches; A4/Ai ,  1. 157; 

p4/p0, O. 529; ang le o f  

a t t a c k ,  0'. 
c 

t 

- . I  

( f l  Conf igurat   ion C; isen- 
t r o p t c   i n l e t ;  1, 1.97 
i nc hes; A4/A i, 0.55 i; 

P4/Po, 0.964; ang le o f  
a t t a c k ,  0'. 

l g )  Conf igura t ion  C; isen- ( h )  Conf igura t ion  0; p e r f o r -  
t r o p i c   i n l e t ;  L, 1-97 ated s t r a i g h t   I n l e t ;  L, 
i nches; A4/ i, 0.687; 1.49 inches; A4 /A i ,  

P4/Po, 0.9 18; ang I e of 1.075; P4lPg, 0.668; 

at tack ,  5'. angle o f  a t t a c k ,  DO. 

F i g u r e  4. - C o n c l u d e d ,   S c h l i e r e n   p h o t o g r a p h s  o f  t y p i c a l  
flow p a t t e r n s ,  - 



c 

( e )   C o n f i g u r a t i o n  C; i sen- 
t r o p i c   i n l e t ;  L, 1-97 
inches; A 4 / A i ,  I .  157; 

p4/p0, 0.529; angle  of 
a t t a c k ,  0'. 

[ f )  Conf igura t ion  C; isen- 
t r o p i c   i n l e t ;  L, 1.97 
inches; A 4 / A i ,  0 . 5 5  I; 

P4/P0, 0.964; ang l e  o f  
a t tack ,  Oo. 

( g )  Conf igura t ion  C; isen- 
t r o p i c   i n l e t ;  L, 1-97 
inches; A 4 / A i ,  0.687; 

P4/Po, 0.918; ang le  of  

a t tack ,  5O. 

( h l   C o n f i g u r a t i o n  0; p e r f o r -  
a t e d   s t r a i g h t   I n l e t ;  L, 
1.49 inches; Aq/AI , 

angle of a t t a c k ,  0". 
1.075; P41 Po, 0.668; 

F i g u r e  4. - C o n c l u d e d .   S c h l i e r e n   p h o t o g r a p h s   o f   t y p i c a l  
flow p a t t e r n s .  

" 



NACA RM No. E7FI3 r’ Fig. sa, b 
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. 
Outlot-inlet eroa ratio. wh 

(a) Configuration A,  trlple-tho& -, 
cuwod inlet. 

(b) C a n l l p r 8 t i o m  A, triple-sbock corm, 

Figure 5.- Variation of total-presoura recovery w i t h  ootlat-lnlrt area ratio at -10 of 
athok  of 00. 

.trai*t ln1.t. 
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Fig.  5c,d r. NACA RM No. E7F13 
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Fig.   5c,d - NACA RM No. E7FI3 
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Tip proJmction, L, in. 
(a) Configuration A, (b) C o n f l g t t r a t l o n  B, (8) Csnfigrrlltlan c. 

Flme 6.- Varlatlon of &mm total-prersmre reeoorery dth t l p  pmjoatlan, 
triple-shock aone. pmbolla-arc com. lcentrapla cone and inlot. 
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NACA RM NO, RF13  II- Fig, 7 
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bigwe 7.-Eiiect of angle of attack on pressure reaovery 
obtained w i t h  isentrapla done at L = 1.97 inehes. 


